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were  measured  at  the  end  of  each  min.  of  a 6-min.  run  at  an  absolute  workload. fe} 
of  6 mph,  Ot  grade  on  the  treadmill.  At  Tj,  Group  II  had  a significantly  id&’r 
HR  at  each  min  of  work  butno  difference  existed  in  RPE  between  groups  at  any 
time  during  the  run.  At  f-7,  both  groups  showed  a significant  decrease  in  HR 
and  RPE  during  each  min  when  compared  longitudinally.  The  data  suggest  that 
the  perception  of  the  intensity  of  absolute  work  does  not  differ  in  groups 
differing  in  thoir  level  of  fitness  when  studied  cross-sectionally.  However, 
significant  reductions  in  perceived  exertion  occur  following  physical  training. 
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The  purpose  of  this  study  was  to  cc.'.ipare  the  rating  of  perceived 
exertion  (RFC)  and  heart  rate  (HR)  ir.  two  groups  of  *0  Military  personnel 
who  differed  in  their  level  of  fitness  as  determined  by  $0*  max.  At  an 
Initial  testing  period  (Tj).  Group  I represented  a sarnie  of  personnel 
not  participating  In  a training  program  while  Group  II  had  engaged  In  an 
endurance  program  (2-4  mile  run/day)  for  5 months.  Six  months  later  (T2), 
Groups  I and  II  were  retested  after  having  participated  in  the  program  for 
6 end  11  months,  respectively.  RPE  and  HR  were  measured  at  the  end  of  each 
min  of  a 6-mln  run  at  an  absolute  workload  of  6 mph,  C2  grade  on  the  tread- 
mill. At  T»,  Group  II  had  a significantly  lower  HR  at  each  min  of  work  but 
no  difference  existed  in  RPE  between  groups  at  any  time  during  the  run.  At 
Ti,  both  groups  showed  a significant  decrease  In  HR  and  RPE  during  each  min 
when  compared  longitudinally.  The  data  suggest  that  the  perception  of  the 
| intensity  of  absolute  work  does  net  differ  In  groups  differing  in  their 

I level  of  fitness  when  studied  cross-sectionally.  However,  significant 

i reductions  in  perceived  exertion  occur  followlr}  physical  training. 
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During  the  past  few  years  It  has  become  evident  that  perceptual  responses  | 

<? 

to  physical  work  crcatly  cor.pl emer.t  the  physiological  Indicators  coranonly  used 

$ 

t 

ir.  exercise  studies  (7,C,15).  Indeed,  the  subjective  rating  of  the  intensity 

. I 

or  exertion  as  perceived  by  the  individual  has  been  proved  a reliable  and  ) 

{ 

valid  physiological  stress  indicator  (5,6).  However,  measurements  of  physic-  j 

•logics!  --perceptual  responses  of  work  intensity  In 'the  evaluation  t*f  physical- v^i 

1 

training  programs  have  received  little  emphasis  and  have  met  with  conflicting  j 

j 

results  (7,8,11).  ", 

As  part  of  a large-scale  study  designed  to  evaluate  the  efficacy  of  a ] 

' I 

physical  training  program  in  a U.S.  Army  infantry  division,  the  opportunity  ! 

'j 

was  presented  to  evaluate  both  the  physiological  and  perceptual  responses  to  j 

9 

physical  training.  The  objective  of  the  present  experiment  was  to  determine 
whether  differences  exist  in  the  perception  of  an  absolute  workload  in  groups 
differing  In  their  level  of  fitness  arid  whether  it  changes  as  fitness  charges 
with  a training  program. 

Methods 

Subjects  were  80  young  male  military  personnel  who  underwent  two  tests 
(Ti  and  T2  ) of  physiological-perceptual  evaluation  which  were  separated  by  a 
period  of  6 months.  At  Ti  , two  groups  of  4C  subjects  each  were  comprised  as 
follows:  Group  I was  a sample  of  personnel  who  had  just  been  assigned  to  the 
division  and  therefore,  had  not,  as  yet,  participated  in  the  physical  training 
program;  Group  II  consisted  of  subjects  who  were  selected  randomly  from  units 
within  the  division  who  had  been  participating  in  the  training  program  for  a 


period  of  5 months.  At  Tj,  all  subjects  fror;  both  Croups  I and  II  were 
retested  after  h’-vlng  been  in  the  training  program  for  6 and  11  months, 
respectively. 

The  physical  training  program  consisted  of  a daily  (5  days/week) 
one-hour  mandatory  physical  trainirj  session  which  was  comprised  of  a 
callsthenic  warm-up  followed  oy  a 2-4  mile  run  at  5-7  nph. 

.v  Maximal  oxygen. uptake  (iOt  max)  was- tfetemined-.on  All 'subjects  rusing. 
a modified  version  of  the  Interrupted  treadmill  test  described  by  Taylor, 
Busklrk  and  Henschel  (16).  Each  subject  performed  a submaxima 1 wanr-up  at 
an  absolute  workload  of  6 mph,  05  grade  for  6 minutes.  This  was  followed 
by  from  2 to  4 interrupted  runs  of  3-4  minutes  duration  until  a plateau  in 
oxygen  uptake  occurred  with  Increasing  workload.  A 5-10  minute  rest  pariod 
was  allowed  between  runs.  Expired  air  was  collected  In  Douglas  bags  during 
the  last  minute  of  each  workload  and  analyzed  with  a Beckman  E-2  Ca  analyzer 
and  a Beckman  LB-1  COj  analyzer.  Expired  air  volumes  were  measured  with  a 
Collins  chain-compensated  gasometer.  Heart  rate  was  recorded  during  the 
final  minute  with  a Hewlett-Packard  Model  1511  electrocardiograph.  All 
subjects  were  explained  the  objectives  of  the  study,  familiarized  with  xhe 
testing  procedures,  and  signed  an  informed  consent  .statement  prior  to 
participation.  ’* 

During  the  last  15  secs  of  each  minute  of  the  6-minute  absolute  workload, 
heart  rate  (HR)  was  recorded  and  the  subjects  were  asked  to  give  a rating  of 
perceived  exertion  (RPE)  according  to  the  psychophysical  scale  devised  by 
8org  (4).  This  scale  is  numbered  from  6 to  20  and  the  uneven  numbers  are 
anchored  with  descriptive  terms  (l.ei,  7,  very,  very  light;  9,  very  light; 
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1!,  fairly  light;  13,  somewhat  hard;  15,  hcd;  17,  '.cry  hard;  ~.y,  very, 
very  hard).  Subjects  wore  told  to  combine  oil  sensations  ur.d  lee'. ir-gs  of 
physical  stress,  effort  and  fatigue  and  to  thus  concentrate  on  their  total 
feeling  of  exertion. 

A series  of  two-way  analyses  of  variance  for  repeated  treasures  were 
computed  for  both  the  HR  and  FPE. 

A summary  of  the  pnysical  characteristics  and  indices  of  the  level  cf 
fitness  of  both-groups  during  each  testing  session  is  presented  m Table  I. 

No  dif  ferer.ces  were  seen  in  physical  characteristics  between  the  two  groups 
from  either  a cross-sectional  or  longitudinal  apnro.ch.  Willi  respect  so 
physiological  data,  Group  II  at  Tj  had  a significantly  higher  VO;  max  (7V.) 
and  lower  HR  submax  compared  to  Group  I.  This  suggests  a significant 
difference  in  the  level  of  cardiorespiratory  fitness  between  the  two  croups. 
From  a longitudinal  eva^ation  (T2  vs  Tj),  Group  I showed  a significant 
training  effect  as  evidenced  by  an  increased  V 02  max  (bT)  and  a decreased 
HR  submax.  Group  II  did  not  show  a further  improvement  in  aerobic  power 
but  did  snow  a significant  decrease  in  HR  submax. 

Figure  I shows  the  HR  and  R?E  taken  at  the  end  of  each  minute  or-"  the 
6-minute  absolute  workload  (6  mpn,  0%  grade)  in  Groups  I end  II  at  Tj.  This 
.represents  a cross-sectional  comparison  of  perceptual  responses.  HR  increased 
linearly  with  time  reaching  a steady-state  by  5 minutes  of  exercise.  A signifi- 
cantly lower  HR  Is  seen  at  each  minute  of  work  in  Group  II  compared  to  Group  I 
reaching  a mean  difference  cf  14  b/min  by  the  6th  minute.  RPE  •<$  also  seen  to 
Increase  linearly  with  time  but  no  difference  occurred  in  RPE  between  the  two 
groups  at  any  point  in  the  6-nvinute  run  during  the  pretest. 
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RPE  and  HR  values  with  absolute  work  In  Group  I during  both  Ti  and  72 
are  shown  in  Figure  ?.  This  represents,  therefore,  a lonal tudinal  comparison 
of  the  training  program.  HR  again  Is  seen  to  increase  linearly  with  time 
•during  exercise.  As  a result  of  6 months  in  the  training  program,  the  HR 
decreased  significantly  (T2  vs  Tj  amounting  to  IS  fc/min  during  the  final 
minute  of  exercise.  Correspondingly,  the  RPE  also  decreased  approximately 
1 RPE  unit  at  f2.  Although  this  was  not  a larce  difference  (11.1  at  T*  vs 
9.3  at  Tj  at  6 minutes),  it  was  significant  (p< . 05)  during  each  minute  of 
the  workload.  • 

Figure  3 shows  the  HR  and  RPE  in  Group  II  at  both  Tj  and  I2.  A significant 
decrease  in  HR  subinax  of  8 b/min  was  seen  at  T;.  The  HR-RPE  relationship  again 
did  not  change  on  a longitudinal  basis  as  RPE  also  decreased  significantly 
during  each  minute  of  the  run  with  continued  physical  training. 

Figure  4 shows  the  HR  and  RPE  data  for  the  two  groups  compared  on  a cross- 
sectional  basis  during  T2,  Mo  differences  In  HR  or  RPE  occurred  at  any  time 
during  the  6-minute  absolute  workload. 

Submaximal  and  maximal  ventilations  (9^)  for  each  group  at  both  testing 
period?  is  shown  in  Figure  5,  9^  submax  was  taken  during  the  final  minute  of 
the  6-minute  absolute  wo  kload.  At  Ti,  9r  submax  was  significantly  lower  in 
Group  II  compared  to  Group  I but  this  was  a difference  of  only  5 1/min.  By 
T2»  both  groups  showed  a significant  decrease  In  9-  submax  of  approximately 
9 1/min. I With  respect  to  9^  max.  It  was  somewhat  higher  (4  1/min)  in  Group  II 

comoared  to  Group  T at  Ti  but  this  was  not  significant.  During  the  6-rr.onth 

I 

training  period,  however.  Group  I showed  a significant  increase  in  9^  max  of 
approximately  10  1/min.  Group  II  also  showed  a slight  increase  In  9^  max  with 
continued  training  but  this  was  not  significant. 


Tha  1 in^ur  rel«‘tio«is!iip  IT.  an:!  Rf-  E dtr.ii'S  suuj&x  lco  T_  saturx.Lit . 

ha:  been  demon:  trUcd  by  s?:Vfe!2l  Investigators  (3,12,16).  Indeed,  Jr  most 
situations  Hf.  n I rrors  -the  physical  strain-sub.; a:tiv»?ly  experienced. 

On  the  ot'io:  hand,  P-Ph  has  been  shown  net.  to  fellow  HR,  per  se,  when  exercising 
under  the  Influence  of  heat  (14)  :»r  drugs  (6).  Ir.  the  present  study, 

HR- RPC  relationship  w«s  also  found  to  change  between  .two  groups  who  differed 
in  their  level  of  fitness  when  studied  using  a crcss-sectional  design.  The 
data  showed  that  the  perception  of  ths  intensity  of  an  absolute  workload  is 
not  reflected  by  differences  In  aerobic  power  due  to  traini-rg.  This  is 
somewhat  surprising  since  one  would  intuitively  expect  that  a more  fit 
indlv^du. 1 would  perceive  an  absolute  workload  as  being  less  strenuous.  This 
would  be  due  presumably  to  a lesser  strain  on  the  cardiorespiratory  system 
and  in  an  improved  functioning  c*  working  muscles  as  a result  of  the  training; 
Results  from  other  cross-sectlonal  studies  dealing  with  perceptual  responses' 
to  absolute  work  have  suggested  that  active  subjects  perceive  a given  workload 
to  be  less  strenuous  than  do  sedentary  subjects  (2, 15) ."  However,  in  neither 
of  these  studies  was  C'Da  max  determined  so  that  the  degree  of  cardiovascular 
fitness  could  not  be  assessed  between  groups.  Furthermore,  hagle  *.t  al.  (11) 
in  studying  successful  and  unsuccessful  Olympic  wrestling  candidates,  four.d  no 
difference  In  RPE  between  these  two  groups  despite  the  successful  group  having 
a higher  tfOj  max  and  a lower  HR  submax  at  the  same  workload. 

Although  the  reasons  for  the  change  in  the  HR-R?E  relationship  seen 
cross-sectionally  are  not  readily  apparent,  two  possibilities  exist  which 
could  account  for  such  a finding.  First,  it  may  be  that  RPE  is  not  as 
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sensitive  an  Indicator  of  the  degree  of  exertion  as  are  various  physiological 
Indices.  Some  suggestion  of  this  is  seen  in  view  of  the  fact  that  Groups  I 
and  II  were  working  at  approximately  802  and  752  of  their  respective  maximal 
oxygen  uptakes.  This  may  not  represent  a large  enough  difference  with  respect 
to  perceiving  the  amount  of  work  being  performed. 

- Another  possible  explanation  lies  in  the  type  of  work  that  was  done. 

It  has  been  shown  that  RPE  during  submaxlmal  bicycle  exercise  is  higher  than 
equivalent  work  performed  on  the  treadmill  (2,6,16)  due  presumably  to  a 
greater  local  factor  contribution,  i.e.,  feeling  of  strain  in  the  working 
muscles  (8).  This  would  assume  that  with  treadmill  work  local  factors  are 
not  as  dominant  and  such  central  factors  as  HR,  and  ?0 2'  become  more 
important.  Reports  in  the  literature  relating  to  the  mechanisms  by  which 
the  intensity  of  exertion  is  perceived  support  the  concept  that  ventilatory 
variables  are  more  readily  perceived  during  exercise  than  other  central 
factors  (3,10,13,14).  Indeed,  Bakers  and  Ter.ney  (1)  have  shown  that  ventilatory 
rate  and  volume  can  be  perceived  with  a high  degree  of  correlation  between 
actual  (physical)  and  estimated  (psychological)  magnitude  of  variable.  There- 
fore, the  small  change  of  5 1/min  In  ^ seen  in  the  present  study  between  the 
two  groups  at  Tj,  may  be  a significant  reason  for  the  absence  of  any  change 
In  the  perception  of  absolute  submaxlmal  work  despite  an  improved  maximal 
aerobic  capacity. 

In  most  longitudinal  studies,  the  HR-RPt  relationship  has  been  shown  to 
remain  unchanged  with  training  In  that  both  are  reduced  at  the  same  submaxlmal 
workload  (7,8,9).  Llnderholm  (9)  studied  Swedish  military  conscripts  before 
and  after  4 months  of  training.  Both  HR  and  RPE  ware  reduced  approximately 
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20%  at  the  same  suhmaximal  workload  following  training.  Essentially  the  seme 

finding  was  reported  by  Dock  tor-  and  Sharkey  {7 1,  ■ Ratings  at  a HR  cf-450-waro 

. not  altered  follcv/ing  a 5-week  training  program.  However,  the  time  to  reach 
a HR  of  150  was  significantly  increased,  thus  it  occurred  at  a higher  workload. 

In  another  investigation  at  given  sulmaximal  $02  levels,  RPE  was  reduced 
1. 5-2.0  points  following  training  (8).  Results  from  the -longitudinal  portion 
of  the  present  stQdy  support  the  above  findings  as  seen  by,  the  decrease  in  H!<  . . 

and  RPL  in  Group  I during  the  6-month  training  period.  This  is,  of  course, 
important  to  consider  since  a given  work  task  in  daily  life  activity,  such  as 
In  manual  v/ork,  should  be  perceived  more  easily.  However,  the  findings  In 
Group  II  of  a decrease  In  HR  and  RPE  during  submax Imal  work  despite  no  further 
change  In  $0a  max  with  continued  training  Is  perplexing.  It  may  be  that  naive 
subjects,  such  as  used  here,  undergo  a certain  degree  of  "habituation"  to  the 
work  or  Increase  their  efficiency  during  submaximal  work  which  is  reflected 
by  decreases  In  both  physiological  and  psychological  responses  to  the  workload. 

This  may  represent  an  Inherent  problem  In  the  use  of  such  subjects  in  a 
longitudinal  study.  Another  problem  in  the  longitudinal  approach  are  the 
demand  characteristics  placed  on  the  subjects  which  become  important  In  such 
volitional  assessments  as  RPE.  One  or  both  of  these  factors  may  be  partially 
responsible  for  the  changes  seen  In  the  longitudinal  portion*of  the  study. 

Although  It  was  not  the  Intention  of  this  study  to  examine  the  mechanisms 
by  which  the  Intensity  of  exertion  is  perceived,  it  is  of  interest  to  note 
'that  changes  In  ^ submax  correlate  well  with  the  changes  seen  in  RPE  for  both 
the  cross-sectional  and  longitudinal  comparisons.  Although  RPE,  as  measured  by 
the  Borg  scale.  Is  a general  response  resulting  from  multiple  physiological 
Inputs  (8,12,13),  It  Is  suggested  that  ventilation  is  one  of  the  primary  cues 
to  the  perception  of  the  intensity  of  submaximal  work. 


t 


REFERENCES 


1.  Bakers,  J.  H.  C.  M.  and  5.  K.  Tenney.  Tht  perception  of  sensations 

. associated  with  breathing.  Resp.  Physiol.  10:65-92,  1270. 

2.  Bar-Or,  0.,  J.  S.  Skir.nar,  E.  R.  Bosk  irk  and  G.  Borg.  Physiol  epical 

and  perceptual  indicators  of  physical  stress  -In  41  - to  60-year  old 

• men  who  vary  in  conditioning  level .and  in  body  fatness.  Med.  Sc].  . 

..Sports  4:26-100,  1372. 

3.  Borg,  G.  Perceived  exertion  as  an  indicator  of  somatic  stress.  Scand. 

J.  Rehab.  Med.  2:92-98,  1970.  •*  * j 

4.  Borg,  G.  Perceived  exertion:  A note  on  "history"  and  methods.. 

Med.  Sci.  Sports  5:90-93,  1973. 

) 

5.  Borg,  G.  and  ».  Lir.derholm.  Perceived  exertion  and  pulse  rate  during 
graded  exercise  in  various  age  groups.  Acta  Med.  Scand.  Suppl.  472: 

194-20G,  1967. 

* 

6.  Borg,  G.  and  H.  Lindcrholm.  Exercise  performance  and  perceived  exertion- 

in  patients  with  coronary  Insufficiency,  arterial  hypertension  and  j 

vasoregulatory  asthenia.  Acta  Med.  Scand.  187:17-26,1970.-  ■-  — 

7.  Docktor,  R.  and  B.  J.  Sharkey.  Note  on  some  physiological  and  subjective 

reactions  to  exercise  and  training.  Percept.  Mot.  Skills  32:233-234,  j 

1971 ; . j 

* i 

-•  8.  Ekblc-m,  B.  and  A.  N.  Goldbarg.  The  influence  of  physical  training  and  j 

* \ 

other  factors  on* the  subjective  rating  of  perceived  exertion.  Acta  1 

Physiol.  Scand.  83:399-406,  1971.  j 

• • ! 

9.  Linderholm,  H.  Experience  from  training  of  conscripts.  Forsvars  - j 

t 

Medicin  3:188-191,  1967.  * j 


9 


. " f^.  tim. 


Morgan,  W.  P.,  P.  E.  Raven,  f.  L.  Drinkwater  and  S.  M.  Horvath.  - - - 
Perceptual  ard  metabolic  responslvity  to  standard  bicycle  ergcmetry 
following  various  hypnotic  suggestions.  Irt.  0,  Clin.-Exptl. - 
Hypnosis  21:86-101,  1973. 

Nagle,  F.  J.,  V/.  P.  Morgan,  R.  0.  Hellickson,  R.  C.  Serfass  and  J.  F. 
Alexander.  Physiological  and  psychological  characterization  of  successful 
and  unsuccessful  candidates  for- the  1972  Olympic  freestyle  team. 

^ . •? i*** ' **»  - A v,'» v J* *•  *.  t • fv ^ w.*-  **.  ’ ’;**'*•  V ‘ *•**."•  * *; • - A •*.  • /■’  A » ’ J*-’;1  * « **«(**V.,*f 

Physician  and  Sports  Medicine  (In  Press).  - . 

Noble,  B.  J.,  K.  F.  Metz,  K.  B.  Pandolf,  C.  W.  Bell,  E.  Cafarelli,  and 
K.  E.  Sime.  Perceived  exertion  during  walking  and  running  - II. 

Med.  Sci.  Sports  5:116-120,  1973. 

Noble,  B.  J.,  K.  F.  Metz,  K,  B.  Pandolf  and  E.  Cafarelli.  Perceptual 
responses  to  exercise:  A multiple  regression  study.  Med.  Sci.  Sports 
5:104-109,  1973 

Pandolf,  K.B..,  E.  Cafarelli,  B.  Noble  and  K.  Metz.  Perceptual  responses 
during  prolonged  work.  Percept.  Mot.  Skills *35:975-535,  1972. 

Skinner,  J.  S.,  6.  A.  B.  Borg  and  E.  R.  Buskirk.  Physiological  and 
perceptual  reactions  to  exertion  of  young  men  differing  in  activity  and 
body  size.  In  Exercise  and  Fitness.  Ed.  B.  Dan  Frer.ke,  The  Athletic 
Institute,  Chicago,  Illinois,  1969. 

Skinner,  J.  S.,  R.  Hutsler,  V.  Bergsteinova  and  E.  R.  Buskirk.  Perception 
i of  effort  during  different  types  of  exercise  and  under  different  environ- 
mental conditions.  Med.  Sci.  Sports  5:110-115,  1973. 

Taylor,  H.,  E.  Buskirk,  and  A.  Henschel.  Maxima-!  oxygen  uptake  as  an 
objective  measure  of  cardiorespiratory  performance.  J.  Appl.  Physiol. 

8:  73-80,  1955. 


10 


FIGURE  LLCFi'O 

Figure  1.  Perceived  exertion  and  heart  rate  during  absolute  work  in  Groups 
I and  II  at  Tj.  X ±SE. 

Figure  2.  Perceived  exertion  and  heart  rate  during  absolute  work  in  Group  I 
at  Tj  and  T2.  X±SE. 

Figure  3.  Perceived  exertion  and  heart  rate  during  absolute-  work  in  Group  II 

/ 

at-Tj  and • fo-. £ ±.$E  v --mv v-  y v*-  >; 

Figure  4.  Perceived  exertion  and  heart  rate"  during  absolute  work  in  Groups 
I and  II  at  Ts.  % ±SE. 

Figure  5.  Sutmaxirral  and  fr.axinal  ventilation  in  Groups  I and  II  during  both 
Ti  and  T2.  ?.  ± SE. 
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Table  I.  Physical  Characteristics,  Subiraxlmal  Heart  Rate  and  Maximal 
Oxygen  Uptake  of  the  Two  Groups  at  Both  Testing  Sessions. 
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